The two graphs G 1 G 2 on 7 vertices with E(G 1 ) = {1, 5; 1, 7; 2, 6; 2, 7; 3, 7}, E(G 2 ) = {1, 5; 2, 6; 2, 7; 3, 6; 3, 7},
are such that S H L (G1) = S H L (G2) and S H(G1) = S H(G2) (see Fig. 4 ). We note that in general S H L (G1,J,h) = S H L (G 2 ,J,h) . The two graphs G 3 G 4 on 4 vertices with E(G 3 ) = {1, 4; 2, 4}, E(G 4 ) = {1, 3; 2, 4},
are such that S H(G3) = S H(G4) and S H L (G3) = S H L (G4) (see Fig. 5 ).
B. Experiments for G13 and G 13
The two graphs G 13 G 13 on 13 vertices with E(G 13 ) = {1, 8; 1, 10; 1, 11; 1, 13; 2, 9; 2, 11; 2, 13; 3, 10; 3, 13; 4, 10; 5, 11; 6, 12; 7, 12; 9, 12; 12, 13} , , 8; 1, 10; 1, 11; 1, 13; 2, 9; 2, 11; 2, 13; 3, 10; 3, 11; 4, 10; 5, 12; 6, 12; 7, 13; 8, 12; 12, 13}, (3) are such that Fig. 6 ). The triplet {energy, magnetization, Ω 2 } distinguishes G 13 and G 13 . The measurements performed on the chip distinguish the graphs (see Fig. 1 in the main text). Let λ max (G) > λ 2 n −1 (G) ≥ · · · ≥ λ 2 (G) > λ min (G) be the eigenvalues of H QA (G, 1, 1, 1, s) as a function of s. Fig. 9 shows λ i (G 13 ) − λ min (G 13 ) and λ i (G 13 ) − λ min (G 13 ), for i = 2, ..., 20. The similarity between the two spectra is evident. Fig. 7 contains five embeddings of the graph G 13 (and G 27 ) on the chip. We include this figure to clarify the notion of physically different embeddings of the same graph.
C. Experiments for G27 and G 27
Consider the two graphs G 27 G 27 with edges , 14; 1, 17; 2, 14; 2, 22; 3, 4; 3, 5; 4, 3; 4, 10; 4, 12; 5, 3; 5, 11; 5, 13; 6, 7; 6, 8; 6, 15; 7, 10; 7, 11; 8, 13; 9, 12; 9, 13; 9, 14; 10, 15; 11, 15; 14, 15; 16, 17; 16, 21; 17, 18; 18, 19; 19, 20; 20, 21; 22, 23; 22, 27; 23, 24; 24, 25; 25, 26; 26, 27}, E(G 27 , 14; 1, 17; 2, 14; 2, 23; 3, 4; 3, 5; 4, 3; 4, 10; 4, 11; 5, 12; 5, 13; 6, 7; 6, 8; 6, 15; 7, 10; 7, 12; 8, 11; 8, 13; 9, 12; 9, 13; 9, 14; 10, 15; 11, 15; 14, 15; 16, 17; 16, 21; 17, 18; 18, 19; 19, 20; 20, 21; 22, 23; 22, 27; 23, 24; 24, 25; 25, 26; 26, 27}. (4)
For these graphs,
. We would expect in this case differences in the quantum spectra to be even smaller than those in the case of G 13 and G 13 . The triplet {energy, magnetization, Ω 2 } distinguishes G 27 and G 27 when considering the full spectrum. However, Fig. 3 shows that the graphs are undistinguishable by the measurements performed on the chip for J = h = 1/7.
As a check that the data statistics are not critically dependent on the embeddings considered, we show in Fig. 10 the statistics corresponding to half of the embeddings in each case.
D. Comparison to Gibbs statistics
To substantiate our assumption that the experimental data are a consequence of a noisy quantum evolution, we have compared the signature distributions to those obtained by sampling from a thermal Gibbs distribution defined on the classical Ising models associated to the graphs. The results are shown in Fig. 11 for the G 13 graph and two choices of the couplings. The temperature for the Gibbs sampling has been chosen to best reproduce the experimental data. The two distributions are notably different, although they show many qualitative common features. 
FIG. 2: Graphs G3 (left) and G4 (right) with S H(G
3 ) = S H(G 4 ) and S H L (G 3 ) = S H L (G 4 ) .
FIG. 4:
The grid in the figure above shows the hardware connectivity. Each circle is a programmable superconducting pseudo spin, while the connecting lines represent the physical interactions that can be implemented in the chip. The black circles and lines correspond to the "active" part of the hardware that is used to implement five example embeddings of G13 (left) and G27 (right) on the chip. . The temperature to generate the Gibbs sampling has been chosen as the one that reproduces the statistics of the second collection of states. Error bars have been estimated with a bootstrap technique. We have extracted 1000 bootstrap samples out of 1000 randomly picked programming cycles. The numerically generated Gibbs statistics contains the same number of generated states (10 6 ). We have checked that the error estimates are consistent by repeating the bootstrap sampling.
